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(54) Ultrasound appaiatus and method for securing or removing a prosthesis 

(57) A method of securing a prosthesis to a bone includes inserting cement into a cavity fonned in the bone, 
locating the prosthesis in the cemented cavity and, before the cement sets, applying ultrasound to the cement 
through the prothesis at a frequency and for a time to substantially eliminate folds and inclusions in the 
cement. The ultrasonic frequency may be a 20KHz. Altematively, a cemented prothesis may be removed by 
applying ultrasound thereto firstly at a frequency to cause fatigue fracture of the cement-bone and 
cement-prosthesis bonds, then at a frequency to cause cavitation in the interface and finally at a frequency to 
cause thermal softening of the cement. The ultrasound apparatus used may include a magnetostriction 
transducer 20 connected to a conductive body 10 which has adjustable jaws 12 for gripping the prosthesis 4, 
and means for controlling the resonant frequency of the transducer. 
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At least one drawing originally filed was Informal and the print reproduced here is taken from a later filed formal copy. 
The claims were filed later than the filing date within the period prescribed by Rule 25(1) of the Patents Rules 1990. 
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CLAIMS: 

1. A method for securing a prosthesis to a bone including 
the steps of 

forming a cavity in a bone, 
5 inserting cement into said cavity, 

locating a prosthesis in the cemented cavity and 
before the cement sets, 

applying ultrasound to the cement through the 
prosthesis at a frequency and for a time to substantially 
10 eliminate folds and inclusions in the cement. 

2. A method as claimed in claim 1 wherein the cement is a 
cold-curing cement such as polymethylmethacrylate (PMMA) . 

3 . A method as claimed in claim 1 or 2 wherein the 
ultrasonic frequency is approximately 20KHz. 

15 4. A method of removing a prosthesis cemented into a bone 
including the steps of 

(a) applying an ultrasonic frequency to the 
prosthesis at such a frequency to cause fatigue fracture of 
bonding between the bone and cement, and between prosthesis 

20 and cement, 

(b) applying an ultrasonic frequency to the 
prosthesis to cause cavitation by negative (tensile) 
pressure wave front advancing through water found in the 
interface between the prosthesis, cement, and bone, 

25 (c) applying an ultrasonic frequency to the 

prosthesis to cause thermal softening of the cement, and 
(d) removing the prosthesis. 

5. A method as claimed in claim 4 wherein the frequency 
used for steps (a) and (c) is approximately 500KHZ and the 

30 frequency for step (b) is approximately 20KH2. 

6. A method as claimed in claim 4 or 5 wherein after 
breaking the bond between the prosthesis and cement, the 
prosthesis is cooled to a temperature to shrink the 
prosthesis with respect to the bone without damaging living 

35 tissue to assist removal of the prosthesis. 

?• An ultrasound apparatus including an ultrasonic 
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transducer connected to a conductive body having attachment 
means for attaching said body to a prosthesis, and 
controlling means for controlling the resonant frequency of 
said transducer. 
5 8. An ultrasound apparatus as claimed in claim 7 wherein 
the attachment means comprise a pair of adjustable jaws for 
gripping the prosthesis or four equi-circumferentially 
spaced adjustable jaws for gripping the prosthesis. 

9. An ultrasound apparatus as claimed in claim 8 wherein 
10 an adjustable clamp is provided for enabling the prosthesis 

to be securely gripped by the jaws. 

10. An ultrasound apparatus as claimed in claim 9 wherein 
said clamp is a pneumatic clamp connected to a source of 
compressed air. > 

15 11. An ultrasound apparatus as claimed in claim 10 wherein 
a torque limiting device is provided to limit the grip 
provided by said jaws. 

12. An ultrasound apparatus as claimed in any of claims 7 
to 11 wherein resonance sensor means is provided for 

20 detecting the resonant frequency of the ultrasonic 

transducer, said resonance sensor means being connected to 
said controlling means, whereby in dependence upon the 
output of said resonance sensor means, said controlling 
means adjusts the resonant frequency for maximum 

25 efficiency. 

13. An ultrasound apparatus as claimed in any of claims 7 
to 12 wherein said conductive body is provided with cooling 
means whereby said prosthesis may be shrunk to assist 
removal in revision surgery. 

30 14. An ultrasound apparatus as claimed in claim 13 wherein 
said cooling means is integrally formed with said body and 
conveniently is supplied from a source of cooled or liquid 
air. 

15. An ultrasound apparatus as claimed in claim 12 wherein 
35 the sensor means includes a heat detector for detecting the 
temperatxire of the prosthesis, which said heat detector is 
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connected to apply signals indicative thereof to said 
control means, whereby the temperature of said prosthesis 
is regulated to a desired temperature. 

16- A method as claimed in claim 1 and substantially as 
5 herein described with reference to and as shown in the 
accompanying drawings. 

17. A method as claimed in claim 4 and substantially as 
herein described with reference to and as shown in the 
accompanying drawings. 
10 18. An ultrasound apparatus substantially as herein 

described with reference to and as shown in Figure 2 of the 
accompanying drawings. 
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(57) ABSTRACT 

The present invention provides a system and a method for 
reducing pores, or air pockets, that form at the interface 
between the material used to attach or adhere the surface of 
a component, such as a prosthesis, to a site. 

A preferred embodiment of the invention includes an actua- 
tor that controls a coupler which transmits energy to a 
prosthesis being inserted into a material to reduce porosity 
at an interface between the prosthesis and the material. 

The system of the present invention can include an oscil- 
lating hand-held device that vibrates the stem component of 
an orthopedic prosthesis at a particular frequency and ampli- 
tude. The device is typically held by the hand of the surgeon, 
who guides the vibrating prosthesis into the cement-filled 
medullary cavity. 

82 Claims, 32 Drawing Sheets 
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pores in both FIG. 29A and 29B, and the relatively smaller a curable adhering material, wherein the transducer 

size of the interfacial structures in FIG. 29B. The scale bars induces vibration in the prosthesis in a range between 

represent a length of 500 microns. 1 radian/second and 1000 radiaos/second to reduce 

The claims should not be read as limited to the described porosity of the material at the interface surface, 

order or elements unless staled to that effect. Therefore, all 5 20. The device of claim 19 wherein the transducer actu- 

embodiments that come within the scope and spirit of the ates vibration of the prosthesis during insertion into the 

following claims and equivalents thereto are claimed as the material. 

invention. 21. The device of claim 19 further comprising a control 

What is claimed : circuit within the housing that is electrically connected to the 

1. A device for implanting a prosthesis comprising: transducer. 

an actuator having a coupler that connects to a prosthesis, 22. The device of claim 19 further comprising a battery 

the prosthesis having an interface surface to be inserted within the housing and an external power supply, 

into a material during implantation, the actuator com- 23. The device of claim 19 wherein the coupler comprises 

prising a housing having a transducer coupled to the a thermal coupler connected to the prosthesis to control a 

prosthesis to actuate movement of the prosthesis, temperature of the prosthesis. 

wherein the transducer induces vibration in the pros- 24. The device of claim 23 further comprising a tempera- 
thesis in a range between 1 radian/second and 1000 ture sensor that measures the temperature of the prosthesis, 
radians/second to reduce porosity of the material at the 25. The device of claim 23 further comprising a tempera- 
interface surface. ture control circuit within the housing. 

2. The device of claim 1 wherein the transducer actuates 20 26. The device of claim 19 wherein the material further 
vibration of the prosthesis during insertion into the material. comprises a curable cement, the cement being inserted into 

3. The device of claim 1 further comprising a control a cavity in a bone of a patient. 

circuit within the housing that is electrically connected to the 27. A device to reduce porosity at an interface between a 

transducer. bone cement and an orthopedic implant comprising: 

4. ThQ device of claim 1 further comprising a battery 35 an oscillating device that drives movement along a 
within the housing. selected axis of the implant, the movement having a 

5. The device of claim 1 wherein the coupler comprises a selected frequency between 1 and 1000 radians/second 
thermal coupler connected to the prosthesis to control a and selected amplitude, the oscillating device in corn- 
temperature of the prosthesis. munication with a transducer to actuate movement of 

6. The device of claim 5 further comprising a temperature 30 ^jj^ orthopedic implant. 

sensor that measures the temperature of the prosthesis. 28. The device of claim 27 wherein the oscillating device 

7. The device of claim 5 further comprising a temperature drives a plurality of frequencies and the implant has a 
control circuit within the housing. preooating. 

8. The device of claim 1 wherein the material further 29, The device of claim 27 further comprising a tempera- 
comprises a curable cement, the cement being inserted into 35 controller having an inductive heater that controls a 
a cavity in a bone of a patient. temperature of the implant in conjunction with vibration of 

9. The device of claim 1 further comprising a sterile jjje implant during insertion. 

sleeve extending over a housing for the actuator. 30 j^^ device of claim 27 wherein the orthopedic 

10. The device of claim 1 further comprising an actuator implant is a femoral stem. 

housing having a connector to an external power supply. 40 31. jhe device in claim 27 wherein the orthopedic implant 

11. The device of claim 1 further comprising an actuator ^ ^ ^^^^^ (j-^y 

housing having a connector to an external control module 32. xhe device in claim 27 wherein the orthopedic implant 

that controls an operational parameter of the actuator. an acetabular shell. 

12. The device of claim 3 wherein the control circuit 33 ^he device of claim 27 wherein the amplitude is 
comprises an oscillator, an amplifier and a processor con- 45 between 1 and 500 /^m. 

nected to the amplifier and oscillator. 34 xhe device of claim 27 wherein the insertion rate is 

13. The device of claim 1 wherein the transducer com- between 0.1 and 5 cm/sec. 

prises a piezoelectric driver. 35 xhe device of claim 27 wherein the oscillating device 

14. The device of claim 1 wherein the transducer com- comprises a servomotor driven oscillator. 

prises a coil and a rod moving within the coil. 50 36. The device of claim 27 wherein the oscillating device 

15. The device of claim 1 wherein the coupler comprises ^ air-driven cam. 

a pin in contact with the transducer and the prosthesis. 37 device of claim 27 wherein the device comprises 

16. The device of claim 5 wherein the thermal coupler ^ hand-held housing. 

comprises a Peltier cell. 3g xhe device of claim 27 further comprising a connec- 

17. The device of claim 1 further comprising an acceler- 55 ^^^^ ^ jata processor and a display. 

ometer that measures movement of the coupler. 39 xhe device of claim 37 wherein the hand-held device 

18. The device of claim 1 further comprising an insertion comprises a port to receive a proximal end of the implant 
device that controls insertion of the prosthesis into the ^nd a second port through which a pin extends along the 
"laicri^^- selected axis to contact a surface of the implant. 

19. A device for implanting a prosthesis in a patient 40. The device of claim 27 ftirther comprising a manually 
comprising: actuated switch on a bousing to control the oscillating 

a housing having an actuator, and a coupler; device. 

a prosthesis held by the bousing such that the prosthesis 41. The device of claim 27 wherein the oscillating device 

contacts the coupler, the prosthesis having an interface includes a control circuit, an accelerometer and a feedback 

surface; 65 circuit. 

a transducer coupled to the prosthesis to actuate move- 42. The device of claim 27 wherein the oscillating device 

ment of the prosthesis; and comprises a rotating cam driven by a motor. 
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43. The device of claim 27 further comprising a mounting 63. The device of claim 49 wherein the coupler comprises 
block in which a proximal end of the implant is mounted and a pin in contact with the transducer and the prosthesis. 

an actuator to impart rotational oscillation to the distal end 64. The device of claim 48 wherein the thermal coupler 

of the implant. comprises a Peltier cell. 

44. The device of claim 27 further comprising mounting 5 65. The device of claim 49 further comprising an accel- 
pins that atUch the device at a surgical site. erometer that measures movement of the coupler. 

45. The device of claim 27 further comprising a program- 55 i^e device of claim 48 further comprising an insertion 
mable i^ertion device _ device that controls insertion of the prosthesis into the 

46. The device or claim 27 further comprismg a dispos- material 

able stenle sleeve. . . 67. A device to reduce porosity at an interface between a 

47. The device of claim 39 wherein the pm is spnng . «*u j -i« 

loaded ^ r r & j^q^^ cement and an orthopedic implant comprising: 

48. A device for implanting a prosthesis comprising: an oscillating device that drives movement along a 
an actuator having a coupler that connects to a prosthesis, ^^^P^^"*' movement having a 

the actuator having an oscillator to generate oscillations 15 selected frequency and amplitude, the oscillating 

at a determined frequency and amplitude, the prosthesis ^^^^^^ communication with a transducer to actuate 

having an interface surface to be inserted into a mate- movement of the orthopedic implant, wherein the inser- 

rial during implantation, the prosthesis being actuated tion rate of the orthopedic implant is between 0.1 and 

at the determined frequency and amplitude to reduce 10 cm/sec. 

porosity of the material at the interface surface and 20 68. The device of claim 67 wherein the oscillating device 

wherein the coupler comprises a thermal coupler con- drives a plurahty of frequencies and the implant has a 

nected to the prosthesis to control a temperature of the precoating. 

prosthesis. 69. The device of claim 67 further comprising a tempera- 

49. The device ofclaim 48 wherein the actuator comprises ture controller having an inductive heater that controls a 
a housing having a transducer coupled to the prosthesis to 25 temperature of the implant in conjunction with vibration of 
actuate movement of the prosthesis. the implant during insertion. 

50. The device of claim 49 wherein the transducer actu- 70. The device of claim 67 wherein the orthopedic 
ates vibration of the prosthesis during insertion into the implant is a femoral stem. 

inaterial . 71 . The device in claim 67 wherein the orthopedic implant 

51. The device of claim 49 further comprising a control is a tibia tray. 

circuit within the housing that is electrically connected to the 72. The device in claim 67 wherein the orthopedic implant 

transducer. is an acetabular shell. 

52. The device of claim 49 further comprising a battery 73. The device of claim 67 wherein the frequency is 
within the housing. between 1 and 1000 rad/sec. 

53. The device of claim. 48 further comprising a tempera- 74. The device ofclaim 67 wherein the amplitude is 
ture sensor that measures the temperature of the prosthesis. between 1 and 500 f*m. 

54. The device of claim 49 further comprising a tempera- 75. The device of claim 67 wherein the oscillating device 
ture control circuit within the housing. comprises a servomotor driven oscillator. 

55. The device of claim 48 wherein the material further 76. The device of claim 67 wherein the oscillating device 
comprises a curable cement, the cement being inserted into is an air-driven cam. * 

a cavity in a bone of a patient. 77. The device of claim 67 wherein the device comprises 

56. The device ofclaim 49 wherein the transducer induces a hand-held housing, 

vibration in the prosthesis in a range between 1 radian/ 78. The device of claim 67 further comprising a connec- 

second and 1000 radians/second. tion to a data processor and a display. 

57. The device of claim 48 further comprising a sterile 79, The device of claim 77 wherein the hand-held device 
sleeve extending over a housing for the actuator. comprises a port to receive a proximal end of the implant 

58. The device of claim 48 further comprising an actuator and a second port through which a pin extends along the 
housing having a connector to an external power supply. selected axis to contact a surface of the implant. 

59. The device of claim 48 further comprising an actuator 80. The device of claim 67 further comprising a manually 
housing having a connector to an external control module 50 actuated switch on a housing to control the oscillating 
that controls an operational parameter of the actuator. device, 

60. The device of claim 51 wherein the control circuit 81, The device ofclaim 67 wherein the oscillating device 
comprises an oscillator, an amplifier and a processor con- includes a control circuit, an accelerometer and a feedback 
nected to the amplifier and oscillator. circuit. 

61. The device of claim 49 wherein the transducer com- 55 82. The device of claim 67 wherein the oscillating device 
prises a piezoelectric driver. comprises a rotating cam driven by a motor. 

62. Hie device of claim 49 wherein the transducer com- 
prises a coil and a rod moving within the coil. « « * « « 
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(54) Title: METHOD AND APPARATUS FOR WORKING BONE CEMENT FOR FIXING A PROSTHESIS IN A BONE 



(57) Abstract 

In a method for working bone cement (11) placed in a cavity (9) of a bone (10), for instance 
in the medullary canal of the femur, for fixing a prosthesis in the cavity, the bone cement (1 1) 
placed in the cavity (9) is vibrated mechanically. A device for carrying out this method has a vibrat- 
ing means (8) which is adapted to vibrate the bone cement (11) placed in the cavity (9). 
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CLAIMS 

1, A method for working bone cement (11) placed in a 
5 cavity (9) of a bone (10)^ for instance in the medullary 

canal of the femur, for fixing a prosthesis in said cavi- 
ty, characterised in that the bone cement 
(11) placed in said cavity (9) is vibrated mechanically • 

2, Method as claimed in claim 1, character- 
10 i s e d in that the bone cement (11) placed in said cavi- 
ty (9) is subjected to a slight pressure while being vi- 
brated . 

3, A device for working bone cement (11) placed in a 
cavity (9) of a bone (11), for instance in the medullary 

15 canal of the femur, for. fixing a prosthesis in said cavi- 
ty, characterised by vibrating means (8) 
adapted to vibrate the bone cement (11) placed in said ca- 
vity (9). 

4, Device as claimed in claim 3, character- 
20 i s e d in that the vibrating means (8) is adapted to exe 

cute a rotary movement. 

5, Device as claimed in claim 3 or 4, charac- 
terised by pressure loading means ( 6 ) having a 
cross-sectional shape corresponding to that of the cavi- 

25 ty (9), and adapted to be introduced in the cavity to be 
pressed against the bone cement (11) placed therein. 



30 



35 



3/1/2007, EAST Version: 2.1.0.14 



INTERNATIONAL SEARCH REPORT 

Inttmitlonal Application No PCT/SE 89/00648 



1. CtASSIFiCATION OF SUBJECT MATTER (if tevvral claisJneation tymboli apply. Indicate all) * 


Accorcing to Intarnatlonot Patant Ctaatificatlon (IPC) or to both National Claaaiftcatlon and IPC 

IPC5: A 61 F 2/28, A 61 L 25/00 


11. FIELDS SEARCHED 


Minimum Oocumantation Saarchad ^ 


Classirication Syttem 1 Ciaitiflcation Symbola 


IPCS 


t 

\ A 61 F; A 61 L 








Documantatlon Saarchad othar tl 
to tha Eitant that aueh Oocumantt 


fan Minimum Documantatlon 

ara Includad In tha Flalda Saarchad • 




SE,DK,FI,NO classes as above 


III. DOCUMENTS CONSIDERED TO Si RELEVANT* 




CalAflorv * 


Citation of Documant. " with Indication, whara approprlata. of tha ralavant paiaagaa « 


R«l«v«nttoCI(lm No. <> 


A 


SE, A, 8701313-2 (AB IDEA) 1 October 1988, 
see the wjiole document 


1-3 


A 


EP, A2, 0093560 (HOWMEDICA INC.) 
9 November 1983, 
see the whole document 


1.3,5 




GB, A, 2104390 (UNIVERSITY OF EXETER) 
9 March 1983, 
see the whole document 


1-3,5 


A 


US, A, 4787751 (BAKELS) 29 November 1988, 
see the whole document 


1 








* Spactal catagorlaa of citad documanta: *o 

''A" documant daflnlng tha gonaral atata of tha art which la not 

conaidarad to foa ot particular ralavanca 
**t" aarliar documant but publithad on or attar tha IntomaUonal 

fllino data 

"L" documant which may throw doubta on priortty clalm(s) or 
which is citad to aatabUah tha publication data ol anothar 
citation or othar apactat raaaon (aa apaclftad) 

"0" documant rafarrtng to an oral dlacloaura, uaa, aihlbltlen or 
othar maans 

"P** documant publlahad prior to tha Intamational flHng data but 
latar than tha priority data claimad 


-T" latar documant publlahad aftar tha Intamational nUng data 
or priority data and not In conflict with tha appllcal on but 
dtad to undaratand tho prlnclpla or thaory undarlying tha 
Invantton 

"X" documant of particular ralavanca; tha claimad Invantlon 
cannot ba conaidarad noval or cannot ba conaidarad to 
Involva an invantiva atap 

"Y" documant of particular ralavanca;* tha claimad Invantlon 
cannot ba conaidarad to Involva an Invantiva atap whan tna 
. documant la comblnad with ona or mora othar auch docu- 
manta, auch combination baing obvioua to a parton aklllad 
In tha art 

"4** decuman! mambar of tha aama patant family 


IV. CERTIFICATION 


Data ol (ha Actual ComplaUon of tha Intamational Saarch 

23rd January 1990 


Data of MalBng of thia Intamational Saarch Raport 

i990 -01- Z 6 


Intamational Saarchlng Authority 

SWEDISH PATENT OFFICE 


SIgnatura ol Airthorliad Ofllcay 3 A 

Leif Karnsater^fe^f /^'ywji^e- 



Form PCT/ISA/210 fiocond ohioO (Jnuaiy 1919) 



3/1/2007, EAST Version: 2.1.0.14 



Patents Act 1977 

Examiner's report to the Comptroller under Section 17 — 
lie Searcli report) 


Application number 
GB 9308009.1 


Relevant Technical Fields 

(i) UK CI (Ed.M) A5R (RAP, RAT) 

(ii) Int CI (Ed.5) A61B 19/00, A61F 2/46 

Databases (see below) 

(1) UK Patent Office collections of GB, EP, WO and US patent 
specifications. 

(ii) ONLINE DATABASES: WPI, MEDLINE 


Search Examiner 
L V THOMAS 


Date of completion of Search 
21 JULY 1994 


Documents considered relevant 
following a search in respect of - 
Claims :- 
1-6, 16, 17 



Categories of documents 

X: Document indicating lack of novelty or of inventive step. 



P: 



Y: Document indicating lack of inventive step if combined withi 

one or more other documents of the same category. E: 

A: Document indicating technological background and/or state 

of the art. &: 



Document published on or after the declared priority dale 
but before the filing date of the present application. 

Patent document published on or after, but with priority date 
earlier than, the filing date of the present application. 

Member of the same patent family; corresponding document. 



Category 



Identity of document and relevant passages 



Relevant to 
claini(s) 



X 

X 

X 
X 



wo 92/22259 Al 

WO 91/11965 Al 

WO 90/04953 Al 
US 5019083 

US 4248232 



(ADVANCED OSSEOUX TECH) see line 16 
page 14-line 13, page 15 and lines 7-21 
page 32 

(ADVANCED OSSEOUX TECH) see line 35 page 4- 
line 12 page 5 and lines 4-21 page 8 

(NILSSON) see lines 10-35 page 3 

(KLAPPER ET AL) see lines 10-63 column 4 
and line 54 column 5 line 3 column 6 

(ENGDBRECHT ET AL) see lines 10-45 
column 4 



1.2 
4 

4 



DjiUbascs:The UK Pbtent Office database oomprises dassiiied collecaoos of GB, JEP, WO aod US pateot speciijcations as outlined periodically in the Official Journal 
(Patents). The on-line databases considered for search are also listed periodically in the Official Journal (Patents). 



Til - 9603 



Page 1 of 1 



3/1/2007, EAST Version: 2.1.0.14 



(12) INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 



(43) International Publication Date 
23 March 2006 (23.03.2006) 




PCT 



(10) International Publication Number 

wo 2006/031490 Al 



(51) InternaUonal Patent Classiflcatlon : A61B 17/88, 

A61F 2/46 

(21) International Application Number: 

PCTAJS2005/031605 

(22) InternaUonal Filing Date: 

6 September 200S (06.09.2005) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/608,620 10 September 2004 (10.09.2004) US 

(71) Applicant and 

(72) Inventor: MURPHY, Kieran, P., J. [US/US]; 119 Beech- 
dale Road, Baltimore, MD 21210 (US). 

(74) Agent: DARE, Heidi, A.; Brinks Hofer Gilson & Lione, 
P.O.Box 10087, Chicago, IL 60610 (US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available}'. AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 



CO, CR, CU, CZ, DE, DK, DM. DZ, EC, EE, EG, ES, H, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, MZ, NA, NG, Nl, NO, NZ, 
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, 
SM, SY, TJ, TM. TN, TR, TT, TZ, UA, UO, US. UZ, VC. 
VN. YU. ZA. ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH. 
GM, KE. LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM. 
ZW), Eurasian (AM, AZ, BY, KG. KZ, MD. RU, TJ, TM), 
European (AT, BE, BG, CH, CY. CZ, DE, DK, EE, ES. H. 
FR, GB, GR. HU, IE, IS, IT, LT, LU, LV, MC. NL, PL, PT, 
RO, SE. SI, SK. TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW. ML, MR, NE, SN. TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

[Continued on next page] 



(54) Title: CEMENl^ DELIVERY NEEDLE 



o 
O 




(57) Abstract: A cement delivery needle apparatus 
(20) and a method of flowing a bone cement through 
a vertebroplasty needle apparatus are provided. The 
cement delivery needle ^paratus (20) includes a 
sheath (24) and a handle (26). The sheath (24) has 
an inlet (44) to receive a bone cement and an outlet 
(40) for expressing the cement into a vertebral body. 
The handle (26) extends from the sheath (24) and 
includes a vibration assembly (70) for agitating 
the cement. The method includes providing a bone 
cement source to the needle. The method further 
includes providing a vibration assembly associated 
with a handle of the needle, agitating the cement 
with the vibration assembly and injecting the 
cement through the sheath. 



3/1/2007, EAST Version: 2.1.0.14 



INTERNATIONAL SEARCH REPORT 



l^tfnational Application No 

1R/US2005/031605 



A. CLASSIFICATION OF SUBJECT MATTER , 

A61B17/88 A61F2/46 



According to Inlernatlonal Patent Classlflcalton (IPC) or lo both nailonal classillcatlon and IPC 



B. RELDS SEARCHED 



Minimum docuinentalion searched (classification system followed by classification symbots) 

A61B A61F . 



Documentation searched other than minimum documentation lo the extent that such documents are Included In the fields searched 



Eleclronic data base oonsulled during the International search (name of data base and. where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, wHh indication, where appropriate, of the relevant passages 



Relevant to dalm No. 



us 2003/018292 Al (KUSLICH STEPHEN D ET 
AL) 23 January 2003 (2003-01-23) 
page 1, paragraph 3-12 
page 2, paragraphs 19,34 
page 3, paragraph 43-45 
figures 2,7,8 



1.3,7-9 



US 6 149 655 A (CONSTANTZ ET AL) 
21 November 2000 (2000-11-21) 
column 1, line 60 - column 2, line 22 
column 9, line 46 - column 10, line 19 
column 22, line 43 - column 27, line 64 
figures 5,29-34 



12-14 
1.3,9,14 



11 



-/-- 



m 



Further documents are listed in the contlnualioh of box C. 



ID 



Patent family ntembers are listed in annex. 



* Special categories of died documents : 

'A* documeni defining the general stale of the art which is rtot 

considered to be of particular relevance 
'E' eariier document but published on or after the intemationat 

filing date 

*L* document which may throw doubts on priority daim(s)or 
which Is cited to eslabtish the publication date of another 
dtation or other speciai reason (as specified) 

•O* document refening loan oral disclosure, use. exhibitioner 
other means 

*P* document published prior to the International fifing date Out 
. later than ihe priority dale claimed 



*T' later documeni published after the intemationat filing date 
or priority date and not In conflid with the application but 
died lo understand the prindple or theory underlying the 
invention 

'X' documeni of particular relevance; the dalmed invention . 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the docunnent is tal<en alone 

•Y' document of particular relevance: the dalmed Invention 
cannot be considered lo involve an inventive step when the 
document is combined wHh one or mora other such docu- 
ments, such combination being obvious to a person stdllad 
in the art. 

*&• document member ol the same patent family 



Dale of the adual completion ol Ihe international search 



3 January 2006 



Date of mailing of the intemational search report 



13/01/2006 



Name and mailing address of the ISA 

European Patent Onice. P.B. 5d18 Patenllaan 2 
NL - 2280 HV Rijswljic 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (1-31-70) 340-3016 



Authorized officer 



KakouUls. M 



form PCT/ISA/210 (second sheet) (January 2004) 



page 1 of 2 



3/1/2007, 



EAST Version: 



2.1.0.14 





l^^jnational Application No 

IPlr/US2005/031605 


C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of documsnl. with indication, wtiere appropriate, of llie relevant passages 


Relevant to claim No. 


Y 

A 
Y 

A 

P,X 


WO 03/094805 A (SCIMED LIFE SYSTEMS, INC) 

20 November 2003 (2003-11-20) 

page 1, line 5 - page 2, line 19 

page 3, line 14 - page 4, line 29 

page 12, lines 12-23 

page 13, line 6 - page 14, line 28 

figure 4A ^ 

EP 1 212 993 A (STRYKER TRAUMA GMBH) / 
12 June 2002 (2002-06-12) ^ 1 El ^ 
column 1, paragraphs 7,8 
figure 2 ^ 

WO 2005/025450 A (SKELETAL KINETICS, LLC; 
CONSTANTZ, BRENT R; DELANEY, DAVID; 
YETKIMLER,) 24 March 2005 (2005-03-24) 
page 1, line 10 - page 3, line 8 
, page 5, line 21 - page 6, line 30 
page 8, line 28 - page 9, line 11 
page 22, line 24 - page 23, line 12 
page 24, line 3 - page 28, line 30 
figures 1-3, 5A 


12,14 

1,3 
13 

1 

1,3-9, 
12,14 



Form PCT/lSA/210 (continuation ot second shoel) (Januaiy 2004) 



page 2 of 2 



3/1/2007, EAST Version: 2.1.0,14 



niHiii 


nil 


ilDllfll 


IllliWIilll 



US 2003(X)18292A1 



(19) United States 

(12) Patent Application Publication (lo) Pub. No.: US 2003/0018292 Ai 

Kuslich et al, (43) Pub. Date: Jan. 23, 2003 

(54) DEVICE FOR INSERTING FILL MATERIAL 
PARTICLES INTO BODY CAVITIES 

(76) Inventors: Stephen D. Kuslich, Stillwater, MN 
(US); Francis Peterson, Prescotl, WI 
(US); Joseph E. Gleason, Eagan, MN 
(US) 

Correspondence Address: 
VIDAS, ARRETT & STEINKRAUS, PA. 
6109 BLUE CIRCLE DRIVE 
SUITE 2000 

MINNETONKA, MN 55343-9185 (US) 
(21) Appl. No.: 09/909,668 




(22) Filed: Jul, 20, 2001 

Publication Classification 

(51) Int. Cl.^ A61F 5/04 

(52) U.S. CI 604/11 

(57) ABSTRACT 

An instrument for filling cavities in a body, such as a cavity 
within a reamed out spinal disc, with beads includes a 
cyclical agitator that functions to prompt the introduction of 
one bead at a time through the fill tube to prevent clogging 
and to promote compaction within the cavity. 



3/1/2007, EAST Version: 2.1.0.14 



us 2003/0018292 Al 



5 



Jan. 23, 2003 



controlled. Such control will allow an operator to control or 
avoid inadvertent fracture or other potential damage to the 
particles of fill material 40. In addition, inadvertent contact 
with the tissue of the operating site 96 may also be reduced. 

[0060] In addition to being directed to the specific corn- 
bin atioos of features claimed below, the invention is also 
directed to embodiments having other combinations of the 
dependent features claimed below and other combinations of 
the features described above. The above disclosure is 
intended to be illustrative and not exhaustive. This descrip- 
tion will suggest many variations and alternatives to one of 
ordinary skill in this art. All these alternatives and variations 
are intended to be included within the scope of the claims 
where the term ''comprising" means "including, but not 
limited to". Those familiar with the art may recognize other 
equivalents to the specific embodiments described herein 
which equivalents are also intended to be encompassed by 
the claims. 

[0061] Further, the particular features presented in the 
dependent claims can be combined with each other in other 
manners within the scope of the invention such that the 
invention should be recognized as also specifically directed 
to other embodiments having any other possible combina- 
tion of the features of the dependent claims. For instance, for 
purposes of claim publication, any dependent claim which 
follows should be taken as alternatively written in a multiple 
dependent form from all prior claims which possess all 
antecedents referenced in such dependent claim if such 
multiple dependent format is an accepted format within the 
jurisdiction (e.g. each claim depending directly firom claim 
1 should be alternatively taken as depending firom all 
previous claims). In jurisdictions where multiple dependent 
claim formats are restricted, the following dependent claims 
should each be also taken as alternatively written in each . 
singly dependent claim format which creates a dependency 
from a prior antecedent-possessing claim other than the 
specific claim listed in such dependent claim below (e.g. 
claim 3 may be taken as alternatively dependent from claim 
2; claim 5 may be taken as alternatively dependent on claim 
3; etc.). 

1. A device for inserting particles of fill material into a 
body cavity comprising: 

a reservoir, the reservoir defining a chamber, the chamber 
constructed and arranged to contain a predetermined 
volume of the particles of fill material, the reservoir 
having an opening at one end through which the 
particles may exit the chamber, the opening slot con- 
structed and arranged to allow only one particle at a 
time to exit the chamber; 

an injection cylinder, the injection cylinder having a 
proximal end and a distal end, the proximal end being 
engaged to the reservoir, the injection cylinder defining 
a hollow chamber being open at both ends, the proxi- 
mal end of the injection cylinder being coupled to the 
reservoir thereby defining a coupled assembly, the 
hollow chamber being in fluid communication with the 
opening, the hollow chamber sized to receive the 
particles from the opening and pass the particles there- 
through; and 

a redprocator device; the reciprocalor device operatively 
engaged to at least a portion of the injection cylinder, 



the reciprocalor device constructed and arranged to 
reciprocatingly move the coupled assembly thereby 
causing the particles of fill material to exit the chamber 
through the opening one particle at a time and pass the 
particles through the hollow chamber. 

2. The device of claim 1 wherein the hollow chamber is 
sized to pass the particles one at a time therethrough. 

3. The device of claim 1 wherein the hollow chamber is 
sized to pass the particles in a single file manner there- 
through. 

4. The device of claim 1 wherein the hollow chamber is 
sized to pass a plurality of the particles in a single file 
manner therethrough. 

5. The device of claim 1 wherein the redprocator device 
defines a longitudinally oriented hollow passage which 
extends therethrough, the injector cylinder having a piston 
member fixedly engaged thereto, the redprocator device 
being constructed and arranged to reciprocatingly move the 
piston member between a first position and a second position 
within a first portion of the longitudinally oriented hollow 
passage. 

6. The device of claim 5 wherein the piston member 
further comprises a slidable piston seal, the slidable piston 
seal slidably sealing the piston member to the first portion of 
the longitudinally oriented hollow passage. 

7. The device of claim 6 wherein the longitudinally 
oriented hollow passage further comprises a proximal slid- 
ing seal assembly, the proximal sliding seal assembly slid- 
ably sealing the injection cylinder proximal to the piston 
member to a proximal opening of the first portion of the 
longitudinally oriented hollow passage. 

8. The device of claim 7 wherein reciprocator device 
further comprises a fluid injection port, the fluid injection 
port being positioned proximal of the piston member and 
providing fluid communication between the first portion of 
the longitudinally oriented hollow passage and a fluid 
source. 

9. The device of claim 8 wherein the fluid source is 
constructed and arranged to selectively inject a fluid into the 
first portion of the longitudinally oriented hollow passage 
through the fluid injection port, the fluid providing a suCB- 
cient pressure to move the piston member from the first 
position to the second position. 

10. The device of claim 9 further comprising a biasing 
member, the biasing member being positioned in a second 
portion of the longitudinally oriented hollow passage dis- 
tally positioned relative to the first portion of the longitu- 
dinally oriented hollow passage, the biasing member being 
biased ly engaged between the piston member and a distal 
stop member, the biasing member exerting a sulBcient 
biasing force to move the piston member from the second 
position to the first position. 

11. The device of claim 10 wherein the distal stop member 
is engaged to a distal end of the reciprocator device, the 
distal stop member defining an opening, the opening having 
a diameter sized to slidingly pass the cylindrical injector 
therethrough, the opening having a diameter smaller than the 
piston member. 

12. The device of claim U wherein the distal stop member 
is removably engaged to the distal end of the reciprocator 
device. 

13. The device of claim 12 wherein the distal stop member 
further comprises at least one engagement member, the at 
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least one engagement member constructed and arranged to 
be removably engaged to a distal end of the reciprocator 
device. 

14. llie device of claim 13 wherein the distal end of the 
reciprocator device comprises at least one engagement chan- 
nel, the at least one engagement channel constructed and 
arranged to removably receive the al least one engagement 
member. 

15. The device of claim 9 wherein the fluid source is a 
fluid pump selected from the group consisting of a pneu- 
matic pump, a hydraulic pump, and any combination 
thereof. 

16. The device of claim 7 wherein the proximal sliding 
seal assembly is constructed and arranged to release fluid 
pressure from the first portion of the longitudinally oriented 
hollow passage after the piston member is moved from the 
first position to the second position therein, 

17. The device of claim 1 wherein the reservoir is trans- 
parent. 

18. The device of claim 1 wherein the reservoir further 
comprises a retaining collar, the opening being integral with 
the retaining collar. 

19. The device of claim 18 wherein the retaining collar is 
removably engaged to the reservoir chamber. 

20. The device of claim 19 wherein the proximal end of 
the injection cylinder is engaged to the retaining collar. 

21. The device of claim 20 wherein the proximal end of 
the injection cylinder is removably engaged to the retaining 
collar. 

22. The device of claim 21 wherein the retaining collar 
further comprises at least one fastening member, the at least 
one fastening member removably retaining the proximal end 
of the injection cylinder to the retaining collar. 

. 23. The device of claim 1 wherein the reservoir defines a 
reservoir opening for inserting the fill material into the 
reservoir chamber. 

24. The device of claim 23 further comprising a remov- 
able reservoir plug, the removable plug constructed and 
arranged to be removably engaged to the reservoir opening. 

25. The device of claim 1 wherein the hollow chamber has 
a diameter of about 0.5 to about 5 mm. 

26. The device of claim 1 wherein the particles of fill 
material are selected from at least one member of the group 
consisting of bioceramic beads, bone graft material and any 
combination thereof. 

27. The device of claim 9 further comprising a controller 
device, the controller device constructed and arranged to 
selectively control the flow of fluid from the fluid source into 
the first portion of the longitudinally oriented hollow pas- 
sage. 

28. The device of claim 1 further comprising a depth 
guide, the depth guide defining a sheath, the sheath being 
disposed about at least a portion of the injection cylinder, a 
proximal end of the depth guide being engaged to at least a 
portion of the reciprocator device, whereby when the recip- 
rocator device reciprocatingly moves the coupled assembly 
the depth guide remains substantially immobile relative to 
the injection cylinder. 



29. The device of claim 28 wherein the depth guide is 
adjustably engaged to the at least a portion of the recipro- 
cator device. 

30. The device of claim 29 wherein the depth guide is 
threadingly engaged to the at least a portion of the recipro- 
cator device. 

31. The device of claim 28 wherein the depth guide 
further comprises a distal end, the distal end having a contact 
member engaged thereto, the contact member constructed 
and arranged to be disposed about at least a portion of an 
opening of an operating site. 

32. The device of claim 32 wherein the contact member 
is removably engaged to the distal end of the depth guide. 

33. The device of claim 32 wherein the contact member 
is constructed at least partially from a vibration absorbing 
material. 

34. The device of claim 28 wherein the depth guide and 
the injection cylinder have a lubricant therebetween, 

35. The device of claim 34 wherein the lubricant is 
biocompatible. 

36. A device for inserting fill material into a body cavity 
comprising: 

a hollow injection cylinder, a reservoir for containing the 
fill material, and a central housing, 

the hollow injection cylinder being in fluid communica- 
tion with the reservoir, the central housing defining a 
passage which extends therethrough, the passage being 
disposed about the hollow injection cylinder, the hol- 
low injection cylinder being longitudinally moveable 
within the passage, the hollow injection cylinder and 
the central housing having at least one sliding valve 
seal therebetween; 

at least a portion of the hollow injection cylinder having 
a piston member fixedly engaged thereto, the piston 
member having a first position and being moveable to 
a second position, a first portion of the passage defining 
a piston chamber, the piston chamber constructed and 
arranged to receive a predetermined quantity of fluid 
therein, the predetermined quantity of fluid exerting a 
distally acting force on the piston member; 

a second portion of the passage defining a biasing cham- 
ber, the biasing chamber having a biasing member 
disposed between the piston member and a distal 
surface, the biasing member exerting a proximally 
acting biasing force on the piston member; 

whereby, when the predetermined quantity of fluid is 
received into the chamber, the first distally acting force 
is sufiBcienl to move the piston member in the distal 
direction from the first position to the second position, 
after the piston member is moved to the second position 
at least a portion of the predetermined quantity of fluid 
is released, thereinafter the proximally acting force is 
sufficient to return the piston member from the second 
position to the first position. 

« 4> « * <!• 
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ABSTRACT 



A process and apparatus for use io mixing and applying a 
flowable substance that consists of a powdered first com- 
ponent and a liquid second component. The mixing of the 
two components fonn a flowable substance, especially a 
bone cement. The apparatus uses an injection syringe. The 
first component is placed into the injection syringe after 
removing the syringe plunger and placing a closing device 
or cap onto the dispensing end of the syringe. The liquid 
component is added to the syringe, preferably from a second 
syringe filled with the liquid component via a hollow needle 
of the second syringe. The first syringe is closed at the filling 
with the syringe plunger under the load of sufBcient air in the 
syringe cylinder. The components are mixed by shaking the 
first syringe. The lid of the first syringe is removed and a 
hollow needle is placed onto the first syringe and the 
flowable substance is delivered at a desired site. 

19 Claims^ 3 Drawing Sheets 
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FIG. 2B shows a top view of the mixing device with the 
mounted injection syringe; and 

FIG. 3 schematically shows the structure for driving a 
holder of the mixing device according to FIGS. 1 and 2. 

DETAILED DESCRIPTION 

FIG. 1 schematically shows a mixing device 10, as well 
as a rotating drive motor 12 shown with a drive spindle 14. 

Hie mixing device 10 has a generally L-shaped base part 
16, on one leg of which, on the inside, is rolatably mounted 
a disk 18. On the opposite side of the leg 20 is located a 
reducing gear 22, which is in contact with the bearing shaft 
(not shown) of the disk 18 via its output shaft (not shown). 
An input shaft 24 of the input transmission 22 has a mount 
26 for mounting the drive spindle 14 of the rotating drive 
motor 12 in a manner adapted to rotate in unison. For 
coupling purposes, the mount spindle 26 is plugged on drive 
14. 

An oblong holder 30 for an injection syringe 32 is 
mounted in a linearly movable manner on the other leg 34 
of base part 16 in its longitudinal direction according to the 
double arrow 33. A pin 60 (shown in FIG, 3) of disk 18 is 
in rotational connection with the lower side of holder 30. 
llie pin 60 is attached eccentrically to the disk 18. 
Therefore, a rotation of the disk 18 leads to a superimposed ^ 
movement from the rotation of the disk 18 and from the 
forced translatory movement of the holder 30. 

FIG. 2 shows holder 30 more clearly. The component 34a, 
on which the holder 30 is mounted in a linearly movable 
manner, is shown somewhat differently from the one accord- 
ing to FIG. 1. However, this is of no importance for the mode 
of operation. 

Moreover, disk 18, which is eccentrically linked to the 
lower side of the holder 30, is seen. The syringe 32 is a 35 
conventional injection syringe with a syringe cylindrical 
barrel 36, a plunger 38 and a plunger rod 40. On the upper 
side, holder 30 has a channel 42, which is almost semicir- 
cular in its cross section, into which the syringe cylinder 36 
is inserted. Transverse to channel 42 are grooves 44 which 40 
are formed at intervals and which accommodate a flange 46 
at the end of cylinder 36. The dispensing end of syringe 32 
is closed by means of a cap 48. A chuck or web-like 
component 50 has a channel-like recess 52, which accom- 
modates a part of syringe cylinder 36, if il, as is shown in 45 
FIG. 2, is placed above syringe 32 in order to clamp same. 
The fastening of web 50 to holder 30 is carried out by means 
of screws or similar detachable fastening means. 

A syringe like the syringe 32 is first filled outside of 
holder 30 and with plunger 38 removed with the two so 
components that shall be mixed, e.g., a powdered bone 
cement component and a liquid component, one after the 
other. Subsequently, the plunger is pushed in under the load 
of sufGcient clearance. Syringe 32, which has been closed by 
means of the cap 48, is then inserted into the holder 30 and 55 
fastened. The mixing movement can then be set in operation 
by applying a torque via the input transmission 22. A second 
container such as syringe 100 shown in FIG. 2A contains the 
liquid component which container may be supplied as part 
of a kit. 60 

A structure, as is schematically shown in FIG. 3, is used 
for the mixing movement. Disk 18 is coupled via pin 60 to 
holder 30, which bolder has a pin 62, which is guided 
linearly in an oblong slot 64 of the component 34a. With the 
rotation of disk 18 the syringe 32 with holder 30 performs 65 
a pivoting or eccentric movement around pin 62 with an 
amplitude, which is determined by the radius of the position 
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of pin 60 from center of rotation 61. The amplimde also 
depends on the location of the syringe in the holder or the 
location of the holder on pin 60. At the same time, with a 
rotation of disk 18, pin 60 is moved back and forth in the 
longimdinal slot 64, whereby the stroke likewise depends on 
the radius of the position of pin 60. 

After the mixing process which lasts, e.g., 30 seconds, the 
syringe 32 is removed from the holder 30 and fed into a 
dispensing device, which is able to accommodate the 
syringe with plunger. Thus, the front end of syringe 32 is 
manually accessible, so that the cap 48 can be removed and 
a hollow needle of a predetermined size can be placed 
thereon. The dispensing device which may be in the form of 
a typical caulking gun (not shown) has a feed bar, which 
cooperates with the plunger or the plunger rod 40 of the 
syringe 32. The feed bar, for its part, is actuated by a hand 
lever via a suitable transmission. The transmission may be 
selected so that the entire contents of the syringe 32 can be 
pressed out with a single stroke of the hand lever. However, 
it may also be designed so that several strokes of the hand 
lever are necessary. Since the syringe 32 has markings 70, it 
can be observed how much of the contents is dispensed with 
a stroke of the hand lever in each case. 

The bringing together of the components and the holder of 
the syringe in the mixing device shall last less than one 
minute, if possible. With corresponding rotational speed of 
the disk 18, a mixing can be carried out within 30 seconds. 
The removal of the syringe, the insertion into a dispensing 
device and the processing shall not last longer than 5 
minutes, if possible. 

For the purpose of better handling, the device shown in 
FIGS. 1 and 2 can be detachably fastened to a background, 
e.g., a table top or a special stand. 

Although the invention herein has been described with 
reference to particular embodiments, it is to be understood 
that these embodiments are merely illustrative of the prin- 
ciples and applications of the present invention. It is there- 
fore to be understood that numerous modifications may be 
made to the illustrative embodiments and that other arrange- 
ments may be devised without departing from the spirit and 
scope of the present invention as defined by the appended 
claims. 

What is claimed is: 

1. A process for mixing and applying a flowable 
substance, which consists of a powdered first component 
and a liquid second component comprising: 

placing the first component into a generally cylindrical 
barrel an injection syringe having a dispensing port and 
placing a closing means onto the dispensing port of the 
syringe; 

placing the Uquid second component, in the injection 
syringe with the first component; 

clamping the syringe barrel to a mixer using a moveable 
clamp having a part-cylindrical channel therein; 

mixing the components by shaking the injection syringe; 
and removing the closing means of the injection 
syringe and placing a hollow needle onto the port of the 
injection syringe and delivering the flowable substance 
at a desired site. 

2. The process for mixing as set forth in claim 1, wherein 
the liquid component is placed into the injection syringe 
through the dispensing port. 

3. The process for mixing as set forth in claim 1, wherein 
the shaking is performed in an eccentric movement. 

4. The process for mixing as set forth in claim 1, wherein 
the closing means is a cap. 
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5. A mixing device for a ilowable substance consisting of 
a powdered first component and a liquid second component 
comprising: 

an injection syringe having a cylindrical barrel with a 
plunger and a removable closing means at a dispensing ^ 
end as a mixing vessel for the first and second com- 
ponents; 

a holder for the detachable holding of said injection 
syringe, the holder including a moveable clamp having 
a cylindrical recess formed therein for engaging the 
syringe; and a mixing device which imparts on said 
holder a movement that arises from the superposition of 
a rotary and a translalory movement. 

6. The device in accordance with claim 5, wherein an 
input transmission is arranged between said mixing device 
and an input shaft provided for inputting rotary motion to the 
input transmission, the input shaft mounted to a drive motor. 

7. The device in accordance with claim 5 wherein said 
holder acts as a connecting rod of a connecting-rod device. 

8. The device in accordance with claim 7, wherein an end 
area of said holder is eccentrically linked to a rotor, which 
is coupled with the output shaft of the input transmission, 
while the other end is mounted in a linearly movable 
manner. 

9. The device in accordance with claim 5 wherein said ^ 
closing means of said syringe is a cap. 

10. The device in accordance with claim 5 wherein said 
holder has a mounting channel, which has, at intervals, 
transverse grooves for receiving a flange of said syringe 
cylinder. 

11. A kit for mixing a bone cement made from powdered 
and liquid components comprising: 

at least one injection syringe having a powdered compo- 
nent stored therein and a dispensing port; 
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at least one container having a liquid component stored 
therein; and 

a mixer having an eccentrically driven holder for receiv- 
ing said injection syringe and imparting motion thereto 
having rotary and linear components, the holder includ- 
ing a moveable clamp having a cylindrical recess 
formed therein for engaging the syringe. 

12. The kit as set forth in claim 11 further comprising at 
least one hoUow needle for coupling to the dispensing port. 

13. The kit as set forth in claim 11, wherein the powdered 
component is letra-calcium phosphate and dicalcium phos- 
phate. 

14. The kit as set forth in claim 11, wherein the at least one 
container is a syringe. 

15. The kit as set forth in claim 11 further including a 
rotary driver having an input shaft for driving said mixer. 

16. The kit in accordance with claim 15, wherein an input 
transmission is arranged between said mixer and said input 
shaft provided for inputting rotary motion to the input 
transmission, the input shaft mounted to said driver, said 
transmission driving said mixer via an output shaft. 

17. The kit in accordance with claim 16, wherein an end 
area of said holder is eccentrically linked to a rotor, which 
is coupled with the output shaft of the input transmission, 
while the other end is mounted in a linearly movable 
manner. 

18. The kit in accordance with claim 11, wherein said 
dispensing part has a closing means in the form of a cap. 

19. The kit in accordance with claim 11, wherein said 
holder has a mounting channel, which has, at intervals, 
transverse grooves for receiving a flange on a barrel of said 
injection syringe. 

* * % * * 
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Tip for ultrasonic surgical aspirator - with central bore which expands In dia. from surgical tip in direction of 
aspiration flow for length of at least quarter wavelength of device resonant frequency 
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Alerting Abstract US A 

Thermoplastics prosthetic cement adherent to a bone surface is contacted with an aspirating ultrasonically vibrating 
surgical device, having a centrally located bore which extends throughout the length of the device. The device is 
vibrated to provide ultrasonic vibration of a sufficient amplitude and frequency to melt the cement while 
simultaneously irrigating the bone surface. The melted cement and irrigant are aspirated through the bores of the 
device. The distal end of the bore expands in diameter in the direction of aspirant flow to facilitate removal of the 
melted cement. Removal of the irrigant cools heat generated by the device. The device is provided with a surgical 
tip and an ultrasonic transducer and the surgical trip vibrated from 50 to 500 microns at a frequency of from 10 to 
50 kHz. The bore is selected to expand in diameter in the direction of aspirant flow from about 1 to 1000 percent. 
USE - Tip for ultrasonic aspirator for removing thermoplastic prosthetic cement from bone. 
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United States 

Publication No. US 5358505 A (Update 199442 B) 

Publication Date: 1 994 1 025 

Tapered tip ultrasonic aspiration method 

Assignee: Sonokinetics, Inc. (SONO-N) 
Inventor: Wuchinich, David G., NY, US 
Agent: Pennie & Edmonds 
Language: EN (13 pages, 10 drawings) 

Application: US 1991706669 A 19910529 (C-I-P of application) 
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Related Publication: US 5221282 A (Division of patent) 
Original IPC: A61B-17/56(A) 
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Original Abstract: A method for the melting and removal of thermoplastic prosthetic implant cement through the use 
of an aspirating ultrasonic surgical device is provided. The instrument defines a centrally located bore which 
expands in diameter from a surgical tip in the direction of aspirant flow for a length equal to at least 1/4 the 
wavelength corresponding to the resonant frequency of the device so as to prevent blockage by solidified cores of 
cement. Alternatively, the bore expands from a first uniform diameter extending from the tip end to a second 
uniform diameter. A compound taper at the tip end minimizes contact between the outer surface of the tube at the tip 
end. A novel transducer cooling system is provided by incorporating a thermally conductive, electrically insulating 
material between the piezoelectric crystal (which generates heat as a byproduct) and a hollow metal bolt which 
defines a central bore through which coolmg irrigant flows to conductively remove heat generated by the crystal. 
Claim: 

2. A method for removing thermoplastic prosthetic cement from bone comprising: contacting thermoplastic 

prosthetic cement adherent to a bone surface with an aspirating ultrasonically vibrating surgical device, having a 
centrally located bore which extends throughout the length of said device; vibrating said device to provide 
ultrasonic vibration of a sufficient amplitude and frequency to melt said cement while simultaneously irrigating 
said bone surface; and aspirating said melted cement and irrigant through said bores of said device; wherein the 



distal end of the bore expands in diameter in the direction of aspirant flow to facilitate removal of said melted 
cement and wherein removal of said irrigant cools heat generated by said device 
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Vibrating probe apparatus for agitating surgical fluid for removing entrapped air to provoke interdigitation 
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Alerting Abstract WO Al 

NOVELTY - A vibrating probe apparatus (10) comprises an elongate shaft (20) having a proximal and an 
opposing distal ends, a probe tip disposed upon the shaft near the distal end; arid a motor (26) for producing a 
vibration within the probe tip. The proximal end is graspable for supporting and maneuvering the apparatus. At 
least one fm (34) is disposed about the probe tip or the elongate shaft extending into said fluid. 
DESCRIPTION - INDEPENDENT CLAIMS are included for the following: 



2. a system for bonding a column of surgical fluid to a bone wall; 



3. a system for consolidating a prosthesis, a column of surgical fluid, and a porous bone wall into an integrated 
structure. 

USE - For agitating svu-gical fluid for removing entrapped air to provoke interdigitation between column of surgical 
fluid and bone wall (claimed). 

ADVANTAGE - The fins function to disrupt, coalesce into larger voids and mobilize the entrapped air voids. Also, 
the fins are shaped to assist in keeping the probe tip near the center of the canal, in order to deliver an evenly 
distributed vibration throughout the surgical fluid. Agitating the surgical fluid in vivo provides a benefit in that any 
air voids introduced into the canal by other procedures such as injecting the fluid or placing a prosthesis may be 
removed before the fluid hardens or cures. Vibrations in the bone and surrounding structures that will propagate 
inwardly fi-om the bone walls as well as outwardly from the probe tip, thus creating an improved enviroiunent for 
laminar fluid flow and increased interdigitation. The cumulative effect of the increased interdigitation of the fluid 
with multiple pores results in an unproved bond along the fluid-bone interface, resulting in more efficient load 
transfer and torsional strength. Agitation of the surgical fluid also improves the bio-mechanical characteristics of the 
fluid-prosthesis interface, thereby promoting more efficient transfer of forces and stresses fi-om the prosthesis, 
through the fluid, to the bone. The method eliminates the need for several steps currently used during fourth- 
generation cementing technique e.g. pressurization of the column of surgical fluid may be no longer required. 
Vibrating the column of surgical fluid in vivo may provide more extrusion of the fluid into surrounding bone pores 
and prosthesis ridges than would be provided by pressurization. 

DESCRIPTION OF DRAWINGS - The drawing shows the apparatus in use within a long bone. 
1 0 vibrating probe apparatus 
20 elongate shaft 
26 motor 
34 fm 

120 bone wall 
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Method and apparatus for strengthening the biomechanical properties of implants 
Assignee: Myers, Thomas H., Marietta, GA, US 
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CHARLOTTE, NC, US 
Language: EN 
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US 2004873537 A 20040621 (Local application) 
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Original Abstract: A method for agitating a surgical fluid using a vibrating probe is disclosed. The agitation method 
drives entrapped air voids out of the surgical fluid and forces the fluid into a plurality of pores of various sizes in the 
adjacent bone. The vibrating apparatus in one embodiment includes a probe tip disposed upon a graspable elongate 
shaft and a series of fins extending into the fluid. The apparatus in one embodiment may include a set of probe tips 
of different shapes and sizes. The agitation and interdigitation method may facilitate any procedure involving any 
type of surgical fluid, with or without a prosthetic device such as an intramedullary nail or femoral prosthesis. This 
Abstract is provided to quickly inform a reader about the subject matter, and not for'use interpreting the scope or 
meaning of the claims. 
Claim: What is claimed is: 

1 . 1. A method of improving the structural integrity of a column of surgical fluid adjacent a bone wall having a 
plurality of open pores, the method comprising: 

• inserting a probe into said column of surgical fluid; and 

• vibrating said probe within said column of surgical fluid in order to drive entrapped air toward and through a 

surface of said fluid and to drive said surgical fluid into one or more of said plurality of open pores. 
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Original Abstract: A metfiod for agitating a surgical fluid (40) using a vibrating probe is disclosed. The agitation 
method drives entrapped air voids (44) out of the surgical fluid and forces the fluid into a plurality of pores (130) of 
various sizes in the adjacent bone (100). The vibrating apparatus (10) in one embodiment includes a probe tip (30) 
disposed upon a graspable elongate shaft (20) and a series of fins (34) extending into the fluid. The apparatus in one 
embodiment may include a set of probe tips of different shapes and sizes. The agitation and interdigitation method 
may facilitate any procedure involving any type of surgical fluid, with or without a prosthetic device such as an 
intramedullary nail (356) or femoral prosthesis (358). 
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Alerting Abstract US Al 

NOVELTY - The apparatus has an elongate unit (130) with a proximal end and a distal end, where the distal end is 
adapted to be positioned within an anatomic void, and a vibration device (100) connected to the proximal end of the 
elongate unit. The vibration device creates a vibration at the distal end of the elongate unit, so that the media is 
mixed and/or compacted within the anatomic void. 

DESCRIPTION - INDEPENDENT CLAIMS are also included for the following: 



N. an apparatus for delivering a media to a target site within a bone structure 
O. a method for delivering media to a target site within a bone structure, 

USE - Used for compacting, liquefying and/or mixing a media e.g. bone cement to a void within a bone structure, 
an aneurysm, a vessel or other body cavity. 

ADVANTAGE - The apparatus mobilizes the particles or granules that are clustered and became jammed or 
immovable in the channel, and facilitates movement of the solid particles or granules through the channel. 
DESCRIPTION OF DRAWINGS - The drawing shows a side view of a compaction device. 
22 Handle 

100 Vibration device 
128 Compaction device 
130 Elongate unit 
132 Distal tip 



